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Although the physiologic effects of repeated
episodes of profuse sweating have been exten-
sively studied in man, nothing is known of the
possible anatomic alterations which may occur
in the eccrine sweat gland as a result of these
stimuli. It has recently been shown, however,
that as a result of a single, prolonged episode of
profuse sweating the human cccrine sweat gland
undergoes characteristic cytologic changes (1).
In addition, an orderly, progressive sequence of
recovery from these changes has been ob-
served (2).
The present study is concerned with the
morphologic changes which occur in the cells of
the human cccrine sweat gland as a result of
repeated daily episodes of profuse sweating.
METHOD
Normal young adult males were used as experi-
mental subjects. Sweating was induced in a heat
cabinet maintained at a temperature of approxi-
mately 105°F. Subjects were kept in the cabinet
for 6 hours daily on five consecutive days. 1.8
gms. of sodium chloride and 500—1000 ml. of
water per hour were given orally, a sufficient
quantity to replace those lost by profuse sweating.
Biopsy specimens were obtained without anes-
thesia from the skin of the interscapular area of
the back by means of high-speed, rotary punch
before each sweating episode, after 3 hours and
after 6 hours of sweating. All specimens were
fixed in Helley's solution, serially sectioned and
stained with either Giemsa stain buffered to pH
6.5 or the McManus-PAS procedure controlled
with diastase (4).
RESULTS
A. First Day
The marked alterations in the cells of the
eccrine sweat gland which occur as a result of a
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single episode of profuse sweating have been
previously reported in detail (1) and are illus-
trated in Figs. 1 and 2. Excretion of PAS-posi-
tive, non-glycogen material, cellular atrophy and
vacuolization, thickening of the basement mem-
brane and loss of glycogen from both the secre-
tory and duct cells were observed.
B. Second Day
Before sweating, the appearance of the sweat
gland is identical to that previously reported (2).
The cells of the secretory coil are somewhat
larger than in the specimens obtained during
the 6 hour period of sweating on the 1st day.
Atrophy and general distortion are still apparent.
Glycogen is present in all the large pale cells of
the secretory coil in about normal concentration
but is not present in the cells of the duct. The
amount of PAS-positive material in the small
dark cells is still markedly reduced.
After sweating, the duct retains its pre-
sweating appearance. The cells of the secretory
coil are reduced in size, vacuolated and distorted
in appearance. PAS-positive, diastase resistant
material in the small dark cells has not been
further depleted. Glycogen is still present in the
majority of the cells of the secretory coil (Fig. 3).
An occasional large pale cell contains 2—3 nuclei.
C. Third Day
In the pre-sweating specimens, glycogen is
present in all large pale cells. Glycogen is also
seen in many of the basal cells of the duct.
Atrophy of the large pale cells is apparent and
the content of PAS-positive, diastase resistant
material in the small dark cells is still much
reduced
After 6 hours of sweating the cells of the
secretory coils are markedly vacuolated (Fig. 4).
in most specimens the large pale cells show pro-
nounced atrophy. In some secretory coils, the
pale cells have disappeared and portions of the
coil consist only of a basement membrane and
myoepithelium (Fig. 5). Many large pale cells
are multinucleatcd, containing as many as six
normal-appearing nuclei.
The amount of PAS-positive, diastase-resistant
FIG. 1. First day. Secretory coil before sweating. Note the size of the large pale cells (A) aod the small
dark cells (B) which contain many metachromatic, FAS-positive, diastase-resistant granules. (Giemsa
stain X 800).
FIG. 2. First day. Secretory coil after 6 hours of sweating. Note the general atrophy of the secretory
cells aod the increase in the diameter of the lumen. The small dark cells are markedly depleted of their
granules (A). The large pale cells are free of glycogen and are atrophic (B). (Giemsa stain. X 800).
FIG. 3. Second day. Secretory coil after 6 hours of sweating. The secretory cells are atrophic and vacu-
olated. Note that the large, pale cells contain their pre-sweating concentration of glycogen (arrows).
(PAS-McManus stain. X 260).
FIG. 4. Third day. Secretory coil after 6 hours of sweating. Note the general atrophy and distortion.
The large, pale cells have not been depleted of glycogen. Many vacuoles are present surrounded by dense
accumulations of glycogen. (PAS-McManus stain. X 108).
material in the small dark cells is further reduced, than on the third day. The small dark cells
and consists, for the most part, of a thin band of contain considerable amounts of PAS-positive
compact granules along the luminal border of diastase resistant material although this is less
some cells, than in the specimens obtained before the initial
Although varying in quantity from cell to cell, episode of sweating.
most of the pale cells of the secretory coil contain Glycogen is present in all large pale cells, manyglycogen. Dense accumulations of glycogen
surround the vacuoles (Fig. 4). The glycogen
which had recently appeared in the basal cells
of the duct is still present.
more of which contain multiple nuclei than on
the previous day. A definite decrease in the
number of large pale cells is now observable with
the greater part of the secretory coil being
D. Fourth DGy composed of small dark cells (Fig 6). In the duct,
Before sweating the secretory coils show less glycogen is present in the basal cells but only in
general distortion, and the cells appear larger an occasional luminal cell (Fig. 7).
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FIG. 5. Third day. Secretory coil after 6 hours of
sweating. Note the marked area of atrophy due to
loss of cytoplasm of the large pale cells (A). Fusion
of large pale cells has occurred producing bizarre,
multiaucleated cells. (PAS-McManus stain
treated with diastase. X 640).
Aftcr sweating, thc general appearance of most
secretory coils and ducts is similar to that before
sweating. In other specimens there is an appre-
ciable increase in vacuolization and a further
decrease in size of the large pale cells. There is
no loss of glycogen, however, from either the
secretory coil or the duct after 6 hours of
sweating.
E. Fifth Day
Before sweating, the majority of secretory
coils appear relatively normal except that some
cells contain vacuoles. The number of large pale
cells is still considerably reduced with many of
the remaining ones containing multiple nuclei.
Glycogcn is now generally present in the luminal
cells as well as the basal cells of the duct.
After sweating, the secretory coil shows in-
creased vacuolization, atrophy and distortion.
(Fig. 5). These changes are particularly noticeable
in the large pale cells; they also show marked
nuclear changes Fig. 9. Even under these circum-
stances, however, glycogen is still present in a
concentration similar to that before sweating.
DISCUSSION
As a result of consecutive daily episodes of
profuse sweating, the human eccrinc sweat gland
undergoes three major types of cytologic change
which occur more or less simultaneously. The
first, degeneration, affects mainly the large pale
cells and consists of atrophy, vacuolization,
fusion of adjacent cells, and pyknosis of nuclei.
This process culminates in actual disappearance
of the large pale cell in some cases.
Adaptation is the second type of change. After
the initial loss of glycogen has occurred on the
first day of sweating, the large pale cells re-
acquire glycogen and do not lose it despite the
6 hour period of profuse sweating. In addition,
once the duct has regained its glycogen no further
loss of glyeogen with sweating occurs. The de-
crease in the severity of morphologic effects
caused by each subsequent episode of sweating
in many sweat glands may also be considered an
adaptive process.
Restoration is the third type of change observed.
Despite degenerative and adaptive changes, a
considerable degree of recovery from the effects
of the first episode of sweating takes place.
Restoration follows a pattern similar to that
observed after a single episode of profuse sweat-
ing (2). In both instances, glycogen reappears in
the secretory coil within 18 hours after the first
episode of sweating, in the basal cell of the duct
within 48 hours and in the luminal cell of the duct
within 72 hours. PAS-positive, diastase-resistant
granules also reaccumulate in the small dark cells
of the secretory coil at about the same rate. It
seems likely, therefore, that recovery, or restora-
tion, from the cytologic changes produced by a
single episode of sweating is an inherent property
of the eccrine sweat gland and is independent of
the subsequent experience of the sweat gland,
i.e. further sweating.
These cytologic changes arc related to the
process of acclimatization. It is generally agreed,
on the basis of the evidence of Conn et aL (5, 6),
that a pituitary-adrenal cortical mechanism is of
prime importance in producing acclimatization.
The authors, having observed that both
desoxycorticosterone acetate (DOCA) and
adrenocorticotrophic hormone (ACTH) depress
the sodium chloride concentration of sweat,
concluded that acclimatization involves a re-
sponse to a chronic stress situation, i.e. repeated
profuse sweating in a hot environment. This stress
results in increased production of salt-retaining
corticosteroids leading to retention of salt in the
sweat. This hypothesis, however, fails to take
into account the cytologic changes which occur in
the sweat gland during repeated episodes of pro-
fuse sweating (the stress situation). Acclimatiza-
tion could be independent of adrenal activity,
and be the sole result of functional changes in-
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Fin. 6. Fourth day. Secretory coil hefore sweating. Note the decreased number of glycogen-laden,
multinucleated, large, pale cells (A). There is a relative increase in the number of normal-appearing,
small, dark cells (B). (PAS-MeManus stain. X 640).
Fin. 7. Fourth day. Duct before sweating. There is a lacy network of glycogen in the basal cells (A).
Only an occasional luminal cell contains glycogen (B). (PAS-MeManus stain. X 640).
Fin. 9. Fifth day. Secretory coil after sweating. Considerable nuclear crowding is present. Many of
the nuclei are pyknotie and hyperchromatic (arrows). (PAS-MeManus stain controlled with diastase
X 640).
Fin. S. Fifth day. Secretory coil after sweating. Marked distortion is present. Note the vacuolization
and atrophy of the large pale cells (A). The small dark cells are normal in size and contain approximately
normal quantities of dark-staining granules (B). (PAS-MeManus stain controlled with diastase X 640).
duced by cytologic alterations as a result of
repeated profuse sweating.
SUMMARY
As a result of repeated episodes of profuse
sweating, the human eeerine sweat glands under-
go a series of morphologic alterations whieh
consist of degeneration, adaptation and restora-
tion. These anatomic changes are probably
related to acclimatization and may be significant
in the further understanding of the mechanism
of excretion of the eccrine sweat gland.
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